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The Army samrf accident rate for FY 79 wee 5.2 per to the requirement to eliminate mishaps.
100,000 Oftn hamr. Thia Is the lowest rate for the Total
Army since the beginning of a formal aviation accident Thes fourth annual report wee prepared to give aviation
prevention progam I 195 reaource managers detailed Information on inaidequaclee In

t Army aviation aystemn that cause or contribute to
Thfissa pertioularly, significant ac mplishment coneid- mihap.

wing toa it wea achieved while flying under realiatic
conditions during Increseed Involvement I field training Any further Improvement In the accident record will be
exercias. directly relate to how well the "leseona learned" In this

report are appled during the command declalonmaking
Credit for this fine recor goes to everyone I Army process and day-to-day unit operations.

aviation who enthusleetically acc antd Wuppomrtd the
aviation accident prevention program. This yeares report has been expanded to Include an

analysis of IFY 79 aircraft incidents and the mishap history
Today, manpower and equipment resourcee are of aircraft components that failed since October 1971.

carefully budgeted. Every lose due to an aIrraft mishap Analyse In thes areas clearly point up the need to
Immediately reduces the effectiveness of our broaden the scope of acident prevention program to

combt-redyforce. As a consequence, all aviation Include the prevetion of not only accidents but also
resource managers-at unit, Installation, MACOM, end Incidents and those m~shap that are caused by failure of
DA loees-muet continue to assign a high Priority low-coat components.

EDWAD L. WALDION N

00101WIM* '..V.
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This" repor provides aviation resource manger with an of attenton b en flight dtis/te duing peIod of
opportunity to rMW, a , and learn from man end high wordoad, and (3) prmoin fw a uquate guidance -i
madne performance problems that are part of current maintenance and field manuals.

*.7 "reel world" Army operations. It Includes detailed lemons Additional requirmnent indifId by the results of the
le-a concerning man and machine failures that cause or ani, but not direcly relad to aoident cause factor,
contlxbte to ircrft mishaps end aviation systemw Include the fw
indequaethetcameoralowthemfaurto our. * A multi-year anaysis study sinier to this report to

The75Army aicraft acid-ent aodd Inets Iey and rank ko-ter ste Inadequacis and
during fiscal year 199 formed the dat baew for this report, prevention requirmnts.
Three-fnurth, of these accidents ocurrd In utility and • An lndepth analysis of each arft sotm end of
observation aiorft, but cWrgo h opters and bed wing each major system Inadequacy Identified in this report.
aircraft accounted for moat of the dollar lese. Neary all e Development/procurement of an aircraft flight/crash
of the Army aircraft accdents/fatIe In FY 79 were in data recorder..
utility and cag type aircraft. Observation rrsf An automated det system for recording avi or flight

mkdnts produoe dtheseondagsnumberofl,, activity.
butthrewee oftaitie ithes orae.*Improved written guidelines on-and enforeent

Twenty-three differn aviation vytam Inadequacis of-the requirements In AR 96 for reporting aviation
were ide in the nls. Thes systm Iadequacies mishaps.
were ranked according to thir ovemli le of imtpoance An aMnlysi of ireraft Incdent Is In appendix G. This
for prevention In decesi order based on a combination analysis highlighted the need to make tha prevention of
of the following ements: frequency of ourrence, doller these s sever mishap an Integral part of the overall
oases, Mverity of injury, and rity of alireraft damage. mishap prvention program. This need has particularly
The top five aviation system Inadequacies were (1) been evident since 1974 when NOE and other modse of
Inadequate motivationsl state, (2) fauity Judgment, (2) terrain flight became a tactical requirement. The first step
nixopedy dasgned equllrent, (4) Inadequate unit In preventing these mishap Is thorough Investigation and

training, and 15) Inattention. These general system detailed reporting In compliance with AR 964.
I nadquac ctegoies operational defined and The mishap history of 720 aircraft part/components
discuead In the report. The top five FY 79 system that failed or malfunctioned causing or contributing to
InPdqule are Identical to those Identfd In FY 78's mishaps during FY 79 is In appendix H. This analysis
analvyos (refere 3) except for "Inadequate unit confirms the need to improve the reliability and
trIMning," which replaced "Inadequate written prooe- maintalnability of these parts. Since I Octber 1971,
d ." rtively low-cost parts have accounted for 4 accidents,.

PreventionrequIremen bsd on anayl, of FY73 dat 44 Incidents, 246 forced landings, and 11906 precautionary
filInto four goea arm : equipment design, human landings.
perfomMnce r,,d/evaluaton, written guiduelnes, and In addition to the primary findings, this rot provides
flight training. Specific prevention requirements for thme researchers, designers, aviation safety officers, and
arem ae detailed in the last section of this report. aviation resource managers at all leveis with the capablity

Three mejo nds repeated from last var: (1) develop- to esily extract and analyze those man or machine
ment and procurement of a heiloopter wire protection probems unique to a particular specialty area or field of
system, (2) reserch of problms Involving alrcrew dilvion concern.

lA?::

a, °o

:::.:

I_ I

~.-.....,--.....,. .... o..... o. ...... . •.-•••.,..



Introduction ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .1

M ethod ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..2

Results and Discussion ... . . . . . . . . . . . . . . . . . . . . . . . . . . .4

Identification of Hazard Prevention Requirements ..................8

Refereces ..................... .............11

Appendix A -TEIR and FIRE Categories....................................12 12

Appendix B- Distribution of Task Errorseand Mateoe Failures
AcrosSystem Inadsquaciss/ Hazards............................13

Appendix C - Distribution of Aircraft Across Failure Categories....................14

Appendx D- Distributio of Aircraft Across System
Inadequacy/Hazard Categories..................................15

Appendix E- Method................................................... 16

Appendix F- Narratives and Remedial Actions............................................-

Appendix G -AnalysisatFY 79 Incidente .................................. 12

Appendix H -Mishap History of Part Failures ................................ 154P

- *. ds*** ~ .:- ... K.....



Z-1. 77 T,- 7 7-. - ;77. -7. 77 7w

Andy of FY ?7S Anny A aFt Aodd-to:

Army aircraft accidents ar costly In terms of live lost, Identify, manage, and track aviation hazards from Initial
Injuries, material losses, and mission degradation. In fiscal occurrence to final elimination. The five stages of ICAFT
year 79, arcraft accidents killed 18 people, Injured 50, and are described In appendix E.
cost M.4 million. Consequently, It Is essential that the
'lessons W~eed from these accidents be applied to Il~~l~ IM11
elinate Inadequacies in the aviation system, thereby This report Is intended to provide key Information to

Sreducing accidental losses and Improving operational aviation personnel In system safety programs, to make
: road . Army-level management aware of aviation haards a
This Is the fourth annual report (references 1, 2. and 3) mishap prevention requirements, to Identify and direct

-imed at providing "lessons learned" to aviation resource research and development requirements for current and
managers, supervisors, operators, support personnel, future aircraft, to determine areas of emphasis and need
researchr, designers, and others concerning the system for improvements In unit and school training, to Identify
Inadequacies causing or contributing to Army aircraft inadequacies and improvements needed In Army reguli-
mishaps. This report provides information needed to better tions, field manuas, and other written guidelines that
understand the strengths and weaknesses of the direct human behavior, and to provide feedback to unit and
mn-machIne relationship in daily operations and to command personnel regarding aviation hazwds and
Improve risk management. suggested remedies. This Information should incram the

Despite the rising costs of accidents, the Army aviation aviation manages knowledge and awareness of current
accident prevention program for fiscal 79 was more problem areas In the operational environment, help him
successful than previous years. The 75 major and minor maintain higher levels of interest In aviation safety, and
accidents and the 5.2 accident rate per 100,000 flying hours provide him a tool in the arm of hazard prevention.
were the lowest In the recorded history of Army aviation. This report also provides aviators, safety offces

DOD Instruction 1000.19 cleas aircraft accidents maintenance personnel, researchers, designers, and others
which result In a fatality; or the total destruction of the with the Information needed to review, assess, and laen
aicraft; or a total cost of property damage, occupational from man, machine, and environmental prformance
Ihnm, and Injury of $200,000 or more, as Class A mishaps. problems that are part of current "real world" Army
Using this criterl, the Army had 39 Class A mishaps during PM , and analyze those man or machine perform,
fiscal 79 and a Class A mshap rate of 2.7 per 100,000 flying ance problems unique to a particular specialty are or field
hows. of concern. For example, those only IntWrested In a

particular type of system Inadequacy, e.g., unit training or
Objeaft improperly designed equipment, can easily access this

The primary objective of the analytical effort on which information for analysis by using appendices S and E. If a
thie report is based is the same as that of system safety particular type of aircraft, e.g., UH-1 helicopters, is the
programs: tW mabsti the Mlhinerlevel @f qeea~nd sole concern, then the data relevant to this materl system
ffIets&h te Asmooail n of a nim.- can be quickly Isolated for review In appendices C and D.
mmm by sey 1aIlo, iauado. and It Is generally accepted that funding for Improvements in

emmosse of eymom I Miqu sl. This objective Is aircraft hardware and personnel training will be limited.
accomplihed through an Intenslve five-stage safety The increasing cost of more sophisticated future aircraft
managmnt program called ICAFT. ICAFT refers to makes it imperative that theselimited funds be well spent.

, omputeration, anlysis, feedback, and This report is designed to provide information to managers
tfcing. it is a closed-loop approach to safety Intended to at all levels to help them optimize expenditures.
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A bId ouline of *h method used to prepare this report element of the aviation system not operating as Intended or
isprese-td below. A morn debidled explanation of the designed, which caused, allowed, or contributed to the

Whod can be found in appendix E occurrence of a task error or materiel failure. An aviation
hazard consists of both man and machine failures and the

D Sews.. Data used for this report were obtained associated cause factor.
ftm an nalyiofl thrportson 75Army aircraft :.f ooma n nsis of 7. The ortsont , Remedial Measure IRM) - Action required to correct or at

acciet occurring In FY 79. The accident classification,
least reduce the operational impact of an Inadequacy. The

fatanltes d InJ . and coat a il.td T w th o thee aciet RM may be directed at any command level form, prared by faled Invtigton tasen, concined implementation and is not restricted by current technology

reporor preparedy bysnnl fiel envestigetio teamsoconaine
Insufficient Information to determine definte cause or budgetary, personnel, and equipment reources.
factors. Accident Cost - Combination of the dollar losses incurred

as a result of aircraft damage, personnel injury, and
DeiWdesisand Tasnioeg property damage.
Rickamon 3W Approach - An approach to accident Hazard Significance Level Analysis (HSL) -A mathematical
analysis that require the Identificton of what happened method for ranking hazards according to their overall
(failures), what caused it to happen (failure causes), and importance for prevention, using a combination of four
wht to do about It with respect to man, machine, and critical decisionmaking variables: frequency of occurrence,

on IWron 0e11eu fectern, dollar losses, severity of injury to man, and severity of

Humian Error or Task Error (TE) - Job performance which hardware damage.
deviated from that required by the operationi stuiatioO Class A Aircraft Mishap - A mishap in which a fatality
and cued or contributed to an accident. Required occurs; or the aircraft is totally destroyed; or the total coat
performance Includes that stipulatd by (1) school training, of property damage and injury is $200,000 or greater.
12) on-the-job training, (3) U.S. Army regulations and
uddelines, (4) standing operat procedures, or ( Indlduld Analysis. As in prior yearn, individual

comrmnl accepted practices. An error is assigned only acietwrenlydincodnewthhe3whe itis uded hat• pren o nomadorNlaonale accidents were analyzed in accordance with the 3W .....
when itis Jud thata perond of noral orret lyte requirements and the concepts and procedures outlined in
compamg could have performed the task corrctly In t chapter 11, AR 96-5. The method of analysis is further
existing operional s . explained in appendix E. Figure 1 shows the process used to

System Inadequacy (SI) Condition resulting from an analyze each accident.

SEQUENCE OF ANALYSIS

IDENTIFY HUMAN DETERMINE CAUSE(S) SUGGEST ACTIONS PLACE FINDINGS
ERRORS AND/OR OF THE IDENTIFIED TO BE TAKEN IN 31 FORMAT.
MATERIEL FAILURES ERRORS MD/OR TO REMEDY
THAT CONTRIBUTED FAILURES. - CAUSE(S).TO THIS ACCIDENT. /

3 4 5

RGURE 1.- -Idilestle of Hasards i Each hidMdsaa Avoldmnt

...... ...........-.... .,.. ..... . . .. :.... ... .-. .. .. . . . . .
I - .,,.-. ,.,.... ,, **... . . .- . . ..... . ,............... ...............-.....
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In this report, the man and machine aspects of the Indlldld Himsind P ovadoe RequIkrents. Proven-
Rlcketson 3W approach are examined (table 2). Environ- tion actions either completed or in progreas to eliminate or
mental factors are found to be causative or contributing to reduce the impact of a system inadequacy have been
the occurrence of a task error or materiel failure. identified, reviewed, and integrated with the 3W narratives

Accidents in which human errors were determined to be on a case-by-case basis In appendix F. Consequently,
definite factors were subjected to a TEIR analysis and appendix F is an important safety tool in that it provides the
those Involving definite materiel failure or malfunction were following information about each accident case:
subjected to a FIRE analysis.

The models used for the human error accident and the 9 The definite failures of man or machine.
materiel failure/malfunction accident are shown in figures * The elements of the aviation system that caused or
1 and 2 of appendix E. Information from the TEIR and FIRE e The flres.

analyses was then placed into a format designed for ea allowed the failures.

of data coding, computer processing, and use In the * Suggested remedial actions.
collective analysis.

. . •Corrective actions completed or in progress.
* Coedve AnalysIs. Figure 2 shows the process by which

the collective analysis was accomplished. Colecdve Hzwd Preventi o Requkmnt. The last
A complete description of the HSL analysis is provided in step was to identify the most pressing system inadequacy

appendix E. The rationale and format used to develop this prevention requirements. Selection of these requirements
analysis were modeled after reference 7, "System Safety was based on the HSL analysis and the expertise of safety
Program Requirements," MR Standard 912A, 28 June personnel at the Army Safety Center, e.g., engineers and
1977. A study titled "Engineering Analysis of Crash Injury human factors specialists, investigators, and air safety
in Army Aircraft" (reference 5) also employed the same specialists. Many of the most effective remedies for
general methodology to examine crash Injury and aircraft recurring human-related problems are often found in the
crashworthiness, area of improved equipment design.

.4

r ._ 01" -1"_,__,,,___ _ ,_, .."_." _

SEQUENCE OF ANALYSIS

_ DETERMINE FREQUENCY|
OF OCCURRENCE i" '

HAZARD

COLLECTION, CODING SEVERITY OF HAZARDStAND REVIEW OF ALL ] iIDENTIFICATION OF [LEVEL ANALYSIS 31 ...- ".

* FY ACCIDENTS FOR ALL HAZARDS REPORT

D ETERMINE AIRCRAFT BASED ON A 1WAS COMPLETED. 2 DAMAGE SEVERITY COMBINATION OF 10
OF HAZARDS. 5 ITEMS 3 THROUGH 6) 1

DETERMINE COST OF--HAZ ARDS.

INTEGRATE CORRECTIVE ACTIONS
TAKEN OR IN PROGRESS TO REMEDY
INDIVIDUAL HAZARDS.

JIlDENTIFY HAZARD PREVENTION I ] .'L- -eUENTS,

FIR 2. -S quwe of Ovoil Ana"ss

21 , oO



ReIitem md 011111101

Ged. As noted sadler, the number of accidents (7)'
WA#01-6cclen tate 15.2) forIFY78 were the lowestIn the
recorded history of Army aviation. Two provalent caum ,.
factr in accidents of past years were dientation/ TOTAL INJURIES
vertigo and fatigue/ld deprivation. Thee factors were (INCLUDING FATALS)
neaty eliminated as causes in fca1 79 and the ls several FATALITIES
We Thi Indicates that "lemofn learned" are being a
appd de sthingths and weakneses of the IS-
man-machine relationship an It affects Army operations are
becoming better understood. uJ 1

Moat of the aircraft accident dollar loses ($3.3 million)
end iniudes/ftolitie (0S) for FY 79 occurred in "11totl low , " 5 ..

clasifications. This finding is not surprising; however, the
magnitude of losses (85%) accounted for by this accident
category Is notable. UH OH Cl AH Fill

Frequency of accidents and cost by type of Army FIGURE4.-IFY79 h*ueso Fant tl ne Amy Airerft
aircraft am shown in figure 3. Aircraft types am presente ad Ao w.en
in order of accident frequency. Hazad Raiking. Twenty-three different system inade-

As shown In figure 3, two aircraft types, the utility and quacies were identified in the 75 aircraft accident reports
obeevaion helicopters, accounted for most of the Army analyzed. These inadequacies were rank-ordered using the
aircrt accidents (46%). However, moat of the dollar HSL analysis to determine their overall level of importance
losses were the result of accidents involving cargo for remedial action(s). The result of the analysis are
helicopters and fixed wing (pdmaly OV-1) aircraft. shown In table 3. Inadequacies are listed In decreasing

The number of fatalitim and injuries by aircraft type m order of significance besed on a combination of four
shown in figure 4, Aircraft types im wpen td in order of variabls: frequency of occurrence, dollar losses, severity
inuwy frequency. of Injury, and severity of aircraft damage. Methodology for

Utility, obervatlon, and cargo helicopters accounted for determining the meaning of the HSL Indices, significancethe msjorfty of fateles end personnel Injuries. Whie grouping, and cost determination can be found In appendix
obesryion aircraft accidents were resposible for the E. For Instance, Index "B" refers to the number of times a
second lorget number of Injuries, there were no fatalitie system Inadequacy wee identified In accidents. "I"In Owns rse. Utility an aro aircraft sciets Indckan "Ilfe thretenIng" Injury severity level, end "a"
aoounted for nrwly all (78%) of the FY 79 ftlte. refers to the aircraft damage severity level of "total loss."

X. FREQUENCY 13.5

- COST 1. .

, 13.0

1.5

Ull ANl CHi PU

%.
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Top Mwe S-- 1m- hudsquwslee A general discussion of motivational problems were ranked fifth by the HSL
the top five systm Inadequacies Identified In the HSL analysis.
analysis Is preented In this section. Each of the system
inadequacy categoris Is operationally defined and
disecussed according to the ranking or priority shown In

tab 3. Z~o krmtion can be eaily obtained ~ ~ +

preen Inape F.

I. 1 kprepr odvado or mod n omman or peer
pressure o uehmee, awe The HS18 analysis In table 3
shows this Inadequacy to be the top-renked or most critical ......-----
problem In Armny aircraft acidente during FY 79. It
accounte for more then $1.6 million dolias of FY 79
accident cots. The human swor caused or contributed

to byt inadequacy are shown In tabl 4. -
The humannore In tale 4were most often committed

by pilots or Instructor pilots In utility helicoptera on service
or training missions. These swore ae not new to Army
aviation. Genelly, these errors were knowngly oom-

.4 mite by esiperisnod aviators who allowed t per-
fom of thei dut to be adversely affecte by an 111. Faufty judgment. Falty Judgment was the second-
exceslvs deeir()to Imprss powrsor upervIsors. (2) to ranked Inadequacy during FY 79. It accounted for $1.5
sem time by telfln a shortcut for peronal or job-relte million In aviation resource losse. The most frequent
rsens, or (3) to complete theissidon. These findings are human errors associsted with faulty Judgment are shown In -

simila to those In the FY 78 report (reerene 3) In which table 5.



TAI~E&-~iS~b~.mSTABLES6. -Equiprnmn rpseply Deige fo, . . nquilrd Operodo,,

BuI~eeed 7
Ul-IH engin falure resulted when the bcceesory drive

qshaft (PIN 1.070-1. *sered through fatigue
Normal operating oeds acting upon
-eredges created stesseers inthe

tl O e tning ring.

(*a 110-t-ae gas proucer trin
A P/ ?-~~01) because the design of the

m bsrblde such that it allows dirt build-up -
t*Wbw. Tf, dirt bu i d-up ausse

,, e of the blade position eventually
.IO in bla to casing contact end tubine eMuWrs.

WNg failure resulted from fatigue failure
' bar, clIeter Wpu, PIN 64140. The gear does

sufcetstrength or adequate meshing and
*evtwhigh.

The human errors associated with faulty judgment are UN-INfulwaringmm(rght fuelflow aitch,
also not new to Army aviation and are similar to those identi- PIN 204-l0n64-1n m ioned. The fuel bost

fled in the FY 78 report (reference 3). They generally involve warning system signals failure when the pump has
errors in making decisions which require accurate notfailed.
estimations of speed, height, and distance, and true CH-47C combning transmission (P/N 114D5200-2)

assessment of aircraft/aviator capability at low altitudes. feiled. The spiral bevel gear separated from the gear
For these decisions, the aviators either lacked the ift flange because the connection slowed fretting
information needed or inadequately used the information and cracks to occur adjacent to the bolt area and

available. The decisionmaking problems noted above most sepntual separation.

often involved experienced pilots of utility aircraft on YCH-47D forward transmission oil cooler fan failed
training missions. This finding differs from the results of the (fan blades cracked and separated). The current
FY78analysis in which observation helicopter pilots were aircraft configuration Is designed so that the ircrmt'

found to be committing these decision errors most often. normal operating rpm piaces the fan in resonance.

CH-5A main rotor system failed. The horizontal pin,
11. Equipment Improperly designed for required " S1610-2301, NSN 1616-00 49M, failed
operation. Improper equipment design was the third- becausethedesignspedflcationsprovidefora
ranked inadequacy and, while occurring less frequently, it pla thickness Insufficient to prevent -

was the most costly ($7.9 million). Human errors, as well as corroion-fatigue.

materiel failures, caused or induced by the inadequate ON- usr.eMeed 3
design of aircraft equipment are presented in table 6. AH-1S pot conducting contour flight improperly -

In the FY 78 report (reference 3) more than half of the divided his attention between the tasks inside and

improperly designed components in accidents were in outside the aircraft because of the cockpit configuration.
OH-58A aircraft. This finding was not repeated in FY 79, Thelilotwasunabletoproperlydividehisattenton
when more than half of the system inadequacies involving between operating the tactical FM radio controls and
improperly designed equipment occurred in utility and maintaining adequate visual contact outside the

cargo aircraft. The types of human errors and machine alrtnftbecaustheECASversionoftheAH-1S

failures caused or contributed to by inadequately designed requires the plot to perform unusual movement to _7I
NP~ta on0trol-le nforwrd and reach -

aircraft equipment were widely distributed (see table 6). Z the c0cliccontroltoopeatetheradIo.
Generally, materiel failures involved engines and trans- W-.I pbot~adve fe dtNo.2ppe
missions, and human errors involved improper tasks, Mthedgn of the autofeather stche nd

committed by experienced pilots on aircraft controls, that aightealows an aviator to unknowingly or
were induced by equipment configuration. arm the mofether switch. A visual

o,0 IV. Inadequate uni trainng. Indeuate unit training of lsystemn Will not NlOW the pilot to
thei swtch posiio and the warning ligh*

was not one of the top five system inadequacies in FY 78. teI zl ttoft In ts present ioctlon.
However, in FY 79 this Inadequacy was ranked fourth and H- s pl I I "l-
accounted for $4 million in resource losses. The human rotiring throttle and override during a practice
errors associated with this Inadequacy are listed In table 7. autorotion. The hand action required to place the

Most of the human errors caused or contributed to by fleaIn overrWde and hold it there agl n*t sprig
Inadequate unit training Involved formation flight or a n cam thi nadvertent action (increased

environmental factors. Then errors were not peculiar to a
particular type of aircraft or duty position.

, . ,



V. hmosavdan. The fNth-ranked Inadequacy, inatte- by pilots or instructor pilots during this high workload
ton, was a definite cause factor In accidents, accounting condition involved channelizing or directing too much
for $2.3 million in resource losses. Table 8 lists the human attention to objects or events taking place inside the
errors associated with this inadequacy. These errors were cockpit. Unlike FY 78, operating controls or monitoring
committed by experienced aviators, but were not peculiar Instruments, rather than concentrating on maps, instruc-
to an aircraft type. tions, or other factors, were the tasks inside the cockpit on

Accidents involving this Inadequacy occurred when the which their attention was channelized or excessively
aviator's task loading was high, e.g., during hover, diverted.
landing, and low-level flight. Most of the errors committed

4 7-
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-M11RU-dUWs Of HUd Plvwv, j
v mnt Lee. The aviation system inadequacies prevent corrosion failures.

din rank order in table 3 were analyzed to demine 7. OV-1. Reds~ the OV-1 autolee/ther/ynchro-
pessing pe requirements which affect the phaver switch to one that does not causethe users to
efficiency and safety of operations. A listing of thme inadvertently arm the uofather system, and reoito

*um nt is provided below. The requirements w the autoleather/speedboard warning light t a piece whose
based on the HSL analysis and the expert Judgment of it is not difficult to see.
human factors and motel specilisats end aircraft system 8. General. Develop a program to Insure known
manage at the Army Safety Center. The requirements safety-related material deficienci Intentionally IneteldI
represent prevention nesde for FY 79. A number of actions on aircraft when parts are not ayalable re montored to
has been taken, is In progress, or Is being considered. preclude failure.
Some of the more effective rmedise to prevent the B. Human Performance Reasserch/Evaluelon (Haards 1,
recurrence Of human-relmtd problems are found In the 2,45, 1112n table31.
ares of improved equipment design. 1. OH-58. Reevaluate the OH-. crew requirements

based on today's scout missions, flight environment, and

FY 73 Hesami Preventn IRequksmmten fea Anny task workload.
Avlson 2. OV-1. Determine If a valid requirement exists for

pilots of OV-1 aircraft to conduct formation flights.
Ilequaemsnt Area "3. General.
A. Equipment Design (Hazards 1, 3,5,6,9, 10 In table 3) * Perform research to identify the moot citical causes

1. Wire Strike Protection. of improper division of attention between flight dutis In
* Expedite procurement and fielding of wire strike rotary wing aircraft and develop corrective actions to

protection system for the OH-L, U-,andAH-1. reduce or eliminate problem, i.e., heads-up display. g -

eInitiate research end development programs to Particular emphasis should be directed toward flight modes
develop wir stke protection system for the UH-G0 and of high task workload.
AH-4. * Evaluate the need to upgrade procedur/taining

*Continue efforts to determine the feasiblity, provided aviators with regard to proper methods of
practiclity, and cost effectiveness of equipping Army avoiding or coping with reduced visibility problems
helicopters with a wire or wire-like object detection system. encountered when hovering/taxiing over snow or dusty

2. AH-1S. Evalut the need to relocate t FM terrain.
radio from its present position In the AN-iS to a cockpit * Perform reesearch to Identify, define, and rank the
ame that does not require the pilot to reach forward and task performance problems of aviators (Instructors, pilots,
around the cyclic for operation. This would be pariculady and students) during actual and simulated autorotations.
important during terain flight when there is a significant * Perform research to Identify, define, and rank
need for vigilance outside the aircraft and the copilot problems Involving rotary wing instructor pilots Improperly
cano sesorthe taskssignments renot clear. monitoring the performance of pilots to such a degree that

3. UH-1. Redesign the UH-1 fuel boost werning safe operating conditions re exceeded. Particular emph--
ssetm to elnina falsewarnng indications. We should be directed toward the higher tak workload

4. OH-UL situations, aich s training for simulated emergen.c
* Improve the ON-6S engine (T6D-A-700) 9ear cluster conditions.

sw, P/N 111411, to Include inceaed strength, * Develop safe operating parameters and guidelines
adeq84Uacy Of mes0hng and lower vibration 101ve16, for helicopter operations In the vicinity of perachutes.
(TWA-720 -ngie haw Incorpome these Improve * Develop research effort to determine the Instru-
mente.) ment/procedure/training teichniques needed to enhance

Sedesig the OHM tell rotor pitch change pilot capability to accurately estimate Clearnce/closure
meehan or revise maintenance procedures to prevent rate and correct control Inputs, especially during autorota-

d bnproerinstallation tione.
&. CN-47. C. WrittenGuldellnes(ezHardsl, 3,2,5,8,22Intable 3)
* ModfV the CH-47 pil bevel gear connection to 1. AN-1. Revies TM 55-I20-f21-20 (AH-1) to

the ger shaft flang to a connectin that does not allow require a check of the torque of the tall rotor gearbox
frating and cmlng to occur ad ent to the bolt holes, attaching bolt during every phase Inspection or PE, and

I Redesign the YCH-47D forward transmission oil after first flight following any 30-degree gearbox Imtalls-
cooler fan so that the airornfts ima operation cannot tion.
place the fenInresonence, cmusing eventual faliure. 2. UH-i.

0. CHM-. Redsilgn theCH-4A horizontal pin Inmain Revie TM 65-1520-210-23 (UH-i) to Include, at unit
rotor system to require a piting of suffloient thickness to and Intermediate maintenance levels, the requirement to

S7......-...-.-.-. ,.......-. -.-.... .............. .......-...-....-....-...-.....................-.-.........-........ . .-

• '-- -- -- -- ...... ',..,.,- .. -. '.,..-....-......" .. ,.........,.... . . .,.



,, - :- . .. 7.,i,(;
i  

. .• -. .. . . -. . .-. , .. :- : , ... ..- . -. - -.i .-7 *2 .- . ., , -: - - . - .

".4

%.

A measure eaci trunnion born and trunnion pin, and to determine which should be performed in observation
-A conduct a spring pull test of assembled parts. aircraft and which have adequate transfer of training

" Evaluate the need to change TM 55-1C2D-210-10 benefits to be performed in the UH-1 SFTS. The annual
(UH-1) in the m of Ios of effective tail rotor thrust with 20-hour SFTS requirement for observation helicopter pilots

-Ino break in drive systemso, particularly at out-ofa-ground ahould then be modified based on the task evaluation of
effec hover -tid to provide prescribed recovery Instrument flight rquirements.

- 3. General.
3. OH- . * Improve IP/SIP monitoring of nonstandard maneu-
* Revise procedures in TM 55-120-228-23 (OH-U8) vera performed by pilots who are under instruction/evalue-

with a 'WARNING" note or other means to insure the tion In mom than one aircraft. This is particularly important
pitch control tube and key are not forced through the for pilots being Influenced by a combination of factors from
control housing. different aircraft such as different standard maneuver

* Revise TM 52-15202-23 (OH-8) to gW tail rotor requirements, procedures, techniques, and fields of view
lgging proedurm to alhWinate difficulty and ire the from the cockpit.

degree of accuracy within design tolerances. Assess/evaluate the adequacy of current training in
4. General. the area of proper division of attention between flight
SEvluate the adequacy of TC 1-13 (Hot Westher tasks/dutles Inside and outside the aircraft during high

Flying Sense) and FM 1-51 (Rotary Wing Flight) in the s pilot task workload conditions, i.e., hover, landing,
of normal/emergency procedures In night/dusty opera- autoroteton, and confined am training In various
ton environmental conditions.

Improve field inveatigatlons and rporta of mishap * Provide school training, through the use of flight
to insure sufficient information lAW AR 95-is prov ded to simulators, for instructor pilots regarding the correct
adequately Identify for rmedial acbton the "failure that - m for low level, low rpm recovery from
caus or contribu to an aciden" as we the avation autoratations.
"system inaldequacies or condtion that kidce the * Upgrade aviator rotary wing training to provide a
f all u ae" better iunderstardng of aircraft performance capabilities in

SEvaluat the adequey of motnm guidlines an the the mmes of (1) power required versus power available, (2)
subjec of required cleranc between idroreft in refueling interpretation of tail rotor problerns, and (3) actions to take
arees and fe need to include deekng and meneuver when tail rotor effectivenesslost.
ceraNe requirements In FM 1-105 (AvleOr's Habook) The requirements listed above provide Insight Into safety
and TC 1-15 (UN-1 Airorew Training Menuel). needs and each should be closely monitored and menaged.

* Revise FM 141 (Notairy Wing Fight) to Include Following ae areas In which the requirements should be
detaled duties for ech mnmber with particular con lderd:
emphasi on the tem ind coordination required In 1. Remrch and development for current and future

* nisin*tg consi le xe-a surveillance during terrain aircraft.
flight opston L.e., radio frequency changes and 2. Emphb and direction to upgrade training at unit
trufe of akrraft control, and school levels.

R% eview the current aulons and manuals to 3. Unit and Army-wide accident prevention pro- -% eon the adequacy of Vluldm noe i led to evstr grams. ..

Mgarding autiid and unauthorze terrain flight. 4. Evaluation and revision of Army regulations,
e Evluate effectiveness of programs desgned to technical manuals, field manuals, and other written

Insure avltor compliance with written guldellnee stablish- guidelines that direct human behavior.
Ing required terrain fht procedures, speolilly with
regerd to unauthoried terrain flight. Unt Lore. Remedial scone or prevention requirements
D. Weight and Ualance (Herd 5 In table 3). Investigate for which a unit has primary Implementation responsibility
ltd/Intrumflnt for hiprovlng the a and accuracy are given on c se-by-cmse bel In appendx f. In aiddltion

4 of calculati weight and balance and aircraft perform- to Indepth Information relevant to Individual unit problmns,
ame, I.e., better performance charts and electronic appendx F also gives detelid de on Army-wide eviation
computers. problems. The hmrd da presene In this appendix
E. FlightTralnng (Hmrds 1,2,,201n tWle 2) provides unit-levl pereonnel with te Information neede

1. AH-1. Provide additional training In power to eaily perform different kinds of reviews, analyses, or
recovery teohnlquem to AN-I instrutor pilots by using the assesments of "reel world" hazards In Army operations
AN-1 visual simulator, I.e., recovery during low and high tht sre unlque to the prmaryconcernsof unit.

ra f ofsecen conditos hsamdslact ee-loped byteokin
2t OH41, Ealuft em adequay of the OH4S Investigation board on an Individual -o bale and should

aviator Instrument trainlng program which allowe the be carefully considered. However, thee remedlI actions
rnsodty of trainn to be conducted In the UN-1 synthtio are not Intended to (1) be all-inclusive, (2) repreent the
flight training syte (SIfrl). Particular emphls should action@ that speciallsts In the behAr of man or Maie
be dirted twar eveluet a Instrument tasks to might select, or (3) be Identical to remedial actions that

it:::: ::::: :- ;: : .: : :, :: :.



would result from a collective analysis of a problem area. the cost and time for mishap invetigation.

Other effective corrective actions may be developed and Human error, particularly pilot error, continues to be
Implemanted at unit level. Appendix F also includes largest problem In Army aircraft accidents. Data con-
information on mishap prevention actions which have beon coming the adequacy of aviator skill development and
completed or are In progress. maintenance In term of (1)I total amount of flight exparl-

once in different types of aircraft, missions, and tasks, and
Odw Requlerments. The results of this study support (2) the recency of hours flown and distribution of practice
several other requirements. A multi-year study similar to for these hours In different types of aircraft, missions, and
this report should be performed to determine long-torm tasks, era essential Ingredients for understanding these
aviation system inadequacies and mishap prevention aviator-reatdw problems. Automation of the aviators' flight
requirements. Consideration should also be given to activity data would improve the accuracy and speed with
developing research efforts aimed at providing indepth which such valuable Information can be gathered.
analysis of each aircraft system and each of the major Without this basic data, it is difficult to adequately
aviation hazards identified in this report. monitor the pulse of aviator flight experience and make

One of the most common rcmedtosmade by informed decisions regarding Important aviation resource
accident investigation boards was "to inform personnel of management questions. For example: Are there differences
problems encountered through communications media." in the types and amounts of flight experience of aviators
Communications media like FLIGHTFAX are invaluable for involved in aircraft accidents and those who are not?
giving field personnel information on aviation hazards. The How do we know if or when the flight and training
data in this report support the need for the Army Safety experience of the Army aviator population In various
Center to continue current efforts in publicizing major aircraft, missions, and tasks fall below that minimally
aviation hazards through articles, publications, training required to be prepared for future threats?
films, and other communications media. How can we determine how the kinds of flight

The final needs indicated by the results of this study experience used to develop and maintain aviator skills have
involve aids to accident investigation and analysis; changed in the last 10 years?
specifically, an onboard flight/crash data recorder, an How can we determine the specific effects of reduced
automated data system for recording aviator flight activity, flight hours and aviator manpower on the overall, as well as
and improved written gudelines on-and enforcement specific, kinds of aviator skills and level of experience
of-the requirements in AR 95-5 for reporting aviation available for Army-wide operational mission effectiveness?
mishaps. Automation of aviator flight activity data is a key to

Like those of past years, this analysis indicates that answering thee questions. However, while this flight LL
im'rove in the quality and spocifidtVy of data, I.e., activity dat is one of the few vaiable measures of general .-
"real time" data, is required. Without an improvement in aviator performance, it is not centralized and automated as
data, accidents will continue to occur from repeat causes are similar types of aircraft Information.
and few safety improvements or advancements will be Decision-lovel consideration should be given to an
realized beyond the present plateau. onboard flight/crash data recorder and the automation of

An onboard flight data recorder would, for the first time, aviator flight activity data. Some efforts are underway. An
provide invaluable "real time" information about the Aircraft Accident Information Retrieval System (AIRS) has
aircraft. This would reduce (1) subjective "guesatmatlon" advanced to the prototype "brass board" stage at the
and the resultant number of nonspecific, Inaccurate, or Applied Technology Laboratory of the Research and
erroneous findings, and (2) the number of accidents In Technology Laboratories (AVRADCOM). Also, O,)CSOPS
which Insufficient information wee available to determine has contracted for automation of the aviator flight activity
definite causes. The flight data recorde could also reduce records.
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Appendi E

Doat 3we. 4. Feedback. The hazards Identified and prioritized arm
Date used for this report were obtained from an analysis then transmitted through technical reports, Interagency

of the reports on Army aircraft accidentsa. Damnage, Injury, coordination, and other means to the various agencies
fatality, and coat associated with these accidents are responsible for corrective actions, e.g., Army command,

*summarized in table 1 on page 2. human factors and materiel research activties, aviation
schools, and media specialists.

ObISokvS 5. Tracring/Action. The Army Safety Center has a
The primary objective of the analytical efor is the sema systemn manager for each type aircraft IUH, OH, AH, etc.).
athat of systm safety Programs: to .. dii. Theus system managers are responsible for initiating,

Migheallovelfeopvhindflacdvmw elm 0ugh d tracking, and coordinating corrective actions above major
w 5 ~o f efln~g resmge by ease, gig.d command level to be taken on human and material

@inam evebjic..n soul adoese of eyste b'mb. problems Identified through indivdual and collective
qmaaloc This objective Is acconipmiehd through an accident analses. This type of hazard management
kvteniv fie-9tags safety mnagemnt program called Insurhes that prevention requiremnts are systematically
ICAFT. ICAFT refer to Investigation, eomputeriuation. managed and do not "drop through the crack." The results
analysis, feedback, and tra-cIng. It is a closd-loop of this corrective action tracking system are also being
approach to safety Inedd to identifly, "magp, and track computerized.
aviation hazards from INitO occurrence to fina elminatn.
Folowig are the fiv stages of "CfT:

1. Hinaid 1 -18 -- This sopage accompliahed
on an idivdual co- basi through thirrf accidlen The aircraft accidents were Investigated and analyzed

at1 usig o , using the Rkefteo 3W approach. This approach is bosed
Ireference 4.This approd requlieoleio of falrs on a conceptual framnework adapted from a model by
(mon or machine tha Ow re causative to en acciden. Rketson. 1975.
Aditim*l, the Mdoto 3W i ~ een~ly by th FigureE-11presenta odel of the human error accidlent.
Army Safety Center tahe a signficat step beyond many. The premnise of this mdle isha when one orinmr of the

PON cIden 11 stlealo #b ab reurt f 12 basiceemntoftheaviatonsystm do not toea
isla'Jon of the "root oviese-the factor doa cause or Intened an overload (Roem 13) is placed on the man's role
Contrbute to the faillres. Th p hW roe In the system (Itsmn 14). That is, the men must continue to
mulple causation end rquire theS estallumN w of a link perform noormal tasks while correcting for the abnormal
beAween fare and failhue Causes. This redue the system onrdition. If the overlod Is of such magnitude or
circula rgwmnfte so ofe posed on who Is to blame for Pesitence that the men cao cope with It and continue
an acident.eg, hunm error or matero dsign to perform normal tasks, he begins to make errors (item
InadeSquacy, and emphasIs prevenioinwmesures. 15). Most of those 5wri do n ot result In an accident Item

- * ~2. Oenaebe" AN information coll ete on 16). But, as the fmagniude and frequency of errors
NOW" rs5 tod fa lure c~ 5Is Prcse Into the Army inct10 e the likelihood of the error causing an accident
8afet Cente omputer dews bae. Thus, data on man or Increes. When en a ccldsnI occurs that has been caused *.-

machn problems arwe centralized and can be easilly by a human errorta). it Is probale that thi error has
isoseed Wi ~ d occurred many times beore the acient happened. Alim.

3. AMudW*l ad seewshm. The hazards In t Itislik~ly towi~tin to r0W 151155 srme raliledle action
cnre imed data bae ea ooilectvelynald on a yearly Is taken to correct the sya inadequay causing the
and multlyaerly basis to (a) Identiy, deine, sri det e GWff.
the maWgntd Of the Problem presented by hazards, (b) This basic moel wes used to develop the apprec

P111 !ON d m11111111chM 101 in terms Of high payoff ou111ined In table11.1. The approac1h reqIres the acdn
1 111o i ra ethet most pressing nedfr investigation ioa d entio w het ha ppened, whe

pOWvent1ve act WOns a ) Identify additioal corrective caused ortN a loeit to happe, ewhat odo e6iIjt
dooe ns eded, ILe., ree dia acin not approprat or IsWm wIth respect to men, machine, the envirnmn, and
defNe well enoug frmt sigle occurenc of a their intection. This remr only adessthe mn end
IMnad machine caus factors.

016
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Procedures Procedures Unit level Higher command Transitory Transitory

for nlerel for em ency supervision supervision psychologicol physiological

conditions ceditions states sae

113 System imposed "-"L
S overload "":

504• ' X ~role in system :*i!
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16117
No accident Errors individual could not or Aidn
.*i did not correct

IGURE E-1.-Model of Human Error Accident

TAULO E1.- WAppmedss~ edwm du,, Amslpis.mad Proven-do of Aicoinse

I issise %"We moo Whmmd %V tSO do Abeut kt Aires~m

&W 9"sIm*-Odeqec flamedia Meen"e TEIR
"M tssmkabtedaqscs ftsd Measume FIRE

Human Error. The acronym for the 3W approach to the Materiel Failure. The 3W approach relating to materiel
Inlvestigationfl, analysis, and prevention of human error failure/malfunctions is also based on the conceptual
accidents Is TEIR. The elements of TEOR are defined as framework adapted from Ricketeon's (1975) model, Figure
follows: E-2 presents a model of the materiel failure/ malfunction

1. A accident.
taskerrr (E) s Jb prforanc whch evited The acronym for the 3W approach to the Investigation,

fro tht rquied y te oeraionl stuaionand analysis, and prevention of mishaps caused by materiel
causd o cotribtedto n acidet. equred failure/ malfunction Is FIRE. The elements of FIRE are

performance Includes that stipulated by (a) school defined as follows:

treguinn d gudb)ns on)theJbt n ding opU..ermyin 1. A materiel failure/ malfunction (F) Is a component or
-~ rgultios ad gideines (d stndig oeraingsystem that (a) ceases to operate entirely, (b)
procedures, or Wa commonly accepted practices,.prts u o sdeindo nedd c
An error Is assigned only when ft Is judged that a operates, u o as designedvr opraInaneds
person of normal or reasonable competence could require enhanced performance. A materiel failure/
have performed the task correctly In the existing malfunction Is considered for anaiysis only when It is
operational situation. judged to have caused or contributed to the mishap,

2. A "ystm Inadequacy (1) or hazard Is an element of not resulted from the mishap.
the avation systm that did not operate as Intended 2. A system Inadequacy (1) le an element of the aviation
or designed. An I Is assigned only when It Is judged system that did not operate as Intended or designed.
to have caused, allowed, or contributed to the An I (a assigned only when It Is Judged to have
occurrence of a TI. More than one I may be caused, allowed, or contributed to the occurrence of

* assigned to a givn TI. an F. More than one I may be assigned to a given F.
3. A remedial measure (R)Iis en action required to cor- 3. A remedial measure (RE) Is an action required to

rect or at lest reduce the operational Impact of an correct or at last reduce the operational Impact of an
Inadequacy. The R may be directed at any command Inadequacy. The RE may be directed at any

ll for Implementation and Is not to be restricted command level for Implementation and Is not to be
by current technology or budgetary, personnel, and restricted by current technology or budgetary,
equipment resources. More than one R may be personnel, and equipment resources. More than one-
recommended forea given Inadequacy. RE may be recommended for 4 given Inadequacy.

17
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SEQUENCETIO OFANFYI

ACCIDENT~~FAIUR MNEOLAIUE EROSDO TO REMED

TO~~~~N TMlSACIEN.H

ThATECRI T FAILURES . CAUSE(S).O

234, 5

buktki Agaliern A did Figren E-3 shows the dei *to, h "maor" accdet classification was divided
gme9 proces bY which the Indivdual analysils of an into two grOupe-,major toil adWaorsbtata.

acidn w oonplus The "major toal" classification refer to those "rmajo
1.Accldant Occurrence. Once an akicaf mishap accidentas in which the aircraft wag damage to the eWent

occuned, the mdhap cAssMihdmn we dstsrn*'d lAW that repai would not be feasible. The "major substantial-
Picduw oushied I AN 25.40. Acint Reporthn an suly refere toe ",major only) classificatlon refte to
feccs*. This AA ba fin ph~la airrft mispi thOee "major accdents In which a aubstantial amount of

Ing lflacnr (1) "WWo amciden (2 m sno cdent (2) dis.geae doe
Inc1dent4 (4) fued 1-ndh 0; and 11) precutiory lending. 2. Identif Human Errrs and/or MaterIel Failure. The
TWi r~ft wIA Insiud '* *101111mi100119 ing Inft tOe first step In the identfication Of hesa0rde In each accident

"maj~ ~ ~~ NO an "miner"0 acidn ueoLa Pfo furthe was to determ What happened, e.g., what human errors



* . -~--;-.-;--". ** -- ]-
V.

aid/or material falluresmlfunctone occurred that teardown analysis facility; (4) board could not Identify any
contriued to TMU accident. This was done using the definite human error or materiel failures.
concepts and procedures outlned In AR 95-5, chapter 11. 4. Suggest Remedial Mesurea. Once the failure
According to these procedure, al duty poitlions and 00 and/or error had been identified and the problem within
hardware systems would be Investigated to determine If the system that caused or allowed it had bon determined,
any contributed to the accident. Only those failures the next step was to suggest action to be taken to remedy
(human errors and materiel falilure/malfunctions) that the system problem. This remedy can be aimed at any level
directly contrbAd to the accident were considered for of command as It Is not bound by current manpower,
this report. budget, or state-of-art limitations. Also, more than one

Accident Investigation and reporting are usually remedy may be needed to solve the problem or reduce its
divided into two major phes: precraesh, which includes effect on operations.
everyt up to and Including the accident sequence; and 5. Place Individual Findings Into 3W Format. Category
postcrash, e.g., the survival and fescue phase. Only thae numbers (see appendix A) were assigned to each
human errors and materiel failuree/malfunctions that contributing error or failure, Its cause(s) and associated
caused/allowed/contributed to the procrash phase of the remedial measure(s). This procedure requires that all the
accident were considered for this report. The definitions of basic information concerning each accident be coded into
these human and matei failures were previously given. a form that lends itself to computerization. These basic

3. Determine Cause(s) of Ideltified Errors and/or elements Include type aircraft, duty position, accident
Failures. When the human error* and/or mate failures/ classification, materiel costs, injury coats, etc.
malfunction had bon identified, the next sep was to

4determine what problem within the aviation system (refer Ceilosde Anallyss. Figure E-4 shows the process by
to models In figures E-1 and E-2) caused or allowed the which the overall analysis was accomplished.
error or filure. Often it is possible to identify what 1. Collection, Coding and Review. When each
happened (error that was made or pat that failed) but not individual accident had been reviewed and a 3W analysis
what caused it. This lack of information can be attributed completed for those containing sufficient information, they
to several things: (1) catastrophic accident In which all were collated for a collective analysis.
occupant were killed and physical evidence (aircraft) was 2. Hazard Identification. All system inadequacies that
destroyed; (2) human error that cannot be traced to an occurred in FY 79 are identified in table 3 on page 11.
individual, e.g., nalntenance personnel at sllhm unit or These were identified by system inadequacy or hazard
overhaul facility incorrectly routed hydraulic lines; (3) category (appendix A) and presented by frequency of
cause of component failure could not be determined by occurrence. Based on the philosophy of the model of

SEQUENCE OF ANALYSIS
DETERM/INE FREQUENCY[

OF HAZARDS. 3 h --HAZARD -"
COLECTONCODNGDETERINE INJURY SIGNIFICANCE

COLLECTION, COING, I SEVERITY OF HAZARDS. LEVEL ANALYSISAND REVIEW OF ALL IDETIFIwCATION OF 4 EE ANLSS 9-;
IFY ACCIDENTS FOR I ALL HAZARS _ d JR RKE PORT
MU A 3 ANALYSIS r OCCURRING IN FY- DETERNE AIRCRAFT SMED ON A

WAS COMLETED. I2 DAMAGE SEVERITY COMBNATION OF 10
OF HAZARDS. 5 ITEMS 3 THROUGH) I

DETERMINE COST OF

INTEGRATE CORRECTIVE ACTIONS
I TAKEN OR IN PROGRESS TO REMEDY
L -- - -- INDIVIDUAL HAZARDS.

ROURI 114.-Se1qsane ef Ove- Analsi
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figure E-1 or E-2, any problem that occurs once is likely to c. Determine Aircraft Damage Severity. Each
occu agin.Forthi resonno azad o sytem system inadequacy was evaluated relative to the severity of
inadquac eliinaed bcaus of lo freuenc of aircraft damage associated with it. This evaluation placed -

occurence.each hazard into one of the ranks shown in table E-4.
3-64 lmnsUe o eemnn aadSgiiac d. Determine Cost of Hazards. Each of the system

Lev lemnsUe.o eemnn aadSgiiac inadequacies was evaluated relative to the costs associated

a. Ranking According to Frequency. Each with it. This cost Is the sum of aircraft damage, Injury, and
systm iadeuac caegoy wa evluaed ase on property damage costs. These costs were proportioned by:

frequency of occurrence and placed in the appropriate System Hazard Cost = Total Cost of Accident
frequency index shown in table E-2. The format and Number of System Inade-
rationale for this frequency ranking procedure were quacies Identified in the
modeled after reference 7. Accident

b. Ranking According to injury Severity. Each For Example:
system inadequacy was evaluated relative to the severity of Case #215 System Inadequacy Cost
the injuries associated with it. This evaluation placed each= 9,w

4system inadequacy into one of the injury severity ranks Sse ndqayCs
shown in table E-4. The rationale and format for this

rankng rocdurewastakn fom rfernce7.$23,365
rankng rocdur wa takn fom efeenc 7.The method used to arrive at the dollar cost asso-

ciated with each inadequacy category involved the addition
TA3L U4.S~sus~idft~.s~s~of all dollar costs of the cases in which a particular mnade-

msss111111110V o quacy was a factor. This approach assigns the same dollar
b~ss u~mdbwe ~ Iemcost weight to each system inadequacy Identified in the

A F# r02' fP accident. No attempt was made to apply differential
S Reennb"reun 0.1c fI 202 weights to the system inadequacies (cause factors).

_______ ~ f7. Overall Ranking of Hazards (HSL Analysis). The
~*0 1 results of evaluating each inadequacy according to its

DRenew .01 'f5.6 frequen-.y and severity (as described above) were used to
* E 111APIoibeh f 201 place the inadequacy into overall significance groups.

Frequency and severity rankings of each inadequacy were
*fbdafbodsftmdvw squflygfswmlrd~ weighted equally in this process. Table E-5 indicates how

- all inadequacies were placed into one of 10 significance
_Mdfo ..groups as determined by the combination of frequency and

severity indices.

TAUS.54-b**T bwsspe TAoE 1.-Msi ss Se e nt, an

1) ____________ demago

IV Nebb Ii~sy*Iftft dom sbulflcsd aro bond an proedures
%Vrs ANnam4W it 1n a d o 1ebed1 in Aimy RegulatIon 3S5.40.

T~mE& Imd~d~s m wae ~d~s is.m~, m~ ebeumyaid b*wy -a ip

a- n

1 Ala I
2 Afts, Alb, Big 2
3 Allbs, Alft, Ale, 11111, Sit, cis 3
4 AIV*. All0b, Allc, SI0e, 11l111b, Olc, CliIo, Cob, Me 4
5 AIVb, Allic, SIVes, 9111lb, BlIc, CI@I, Cu1b, Clc, DII. Dib, . 5
0 AIVc, Sl11b, 13111c, CIV., Cillb, Clio, Dills, D~b, Dle. Elle, Bb6
7 give, CIV!, 01111c, DIVe, Ollib, D111c, Ble, Glib, Elc 7

8Civa. DlV!,, D11l1c, EIVA, 1lb. Sic a
9 Diva. EN!,. fSb 9

-t0 EIVe 10

20
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The inadequacies within each group were then 9. Identify Hazard Prevention Requirements. The final
rank-ordered according to accident costs. As a result, the step (item 9) was to analyze the collective nature of the FY
ordered list comprised a "totem pole" of aviation hazards. 79 aviation hazards and to Identify the most pressing

8. Integrate Corrective Actions Completed or In prevention requirements. The identification of prevention
Progress to Remedy Specific Hazards. At this point, only requirements was based on the HSL analysis and the
the hazard identifiction stage had been completed. The judgment of human factors specialists and the aircraft

system managers at the Army Safety Center. This processnext st p Involved the identification of remedial actions for allows for the Incorporation of prevention requirements
system Inadequacles on a case-by-case basis. Thee based on more than statistics alone. It allows for the
prevention actions were obtained from the Army Safety incorporation of specialty expertise not always available to
Center aircraft system managers and were integrated with accident Investigators, as well as for knowledge of hazards
the TEIR and FIRE narrative for each accident case in that transcends that found in an accident report, i.e., state-
appendix F. of-the-art prevention capebilities.

-0,

L4

.0
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3W Narratives and Remnedial Actions Taken or
In Progress for FY 79 Army Aircraft Accidents
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of FY 79 h -

This appendix presents the results of the analysis of the The Incme In average annual cot of incidents has also ..-.
56 Army aircraft mishaps clasified as incidsnts by AR pointed out this need. Over the 6-year period shown in
385-40 and reported to the Safety Center during FY 79. The figure G-1, the average cost per Incident Increased more
$746,000 cost attributed to these mishaps was 47 percent than fivefold, from $2,400 In FY 74 to $13,000 in FY 79.
less than the $1,422,000 cost of the 163 Incdents reported There ae Indications that the average cost of incidents wil
in FY78. continue to dimb as more expensive rcraft, e.g., AH-1iS,

This decrease In cost, indicated in figure G-1, began after UH-00, OH-SC, CH-47D, Join the fleet and as night
a peak of slightly more than $2 million was reached In FY operations increase.

* 77. The decineshown for FY 76 nd FY 79 unfortunately A special program, however, in not advocated or
cannot be attributed to prevention measres. Rather, the required. A review of the system inadequacies In table G-1
decline primarily results from an FY 78 change in the crite and a reading of the 3W narrative analysis of each inckidnt
used to claesify incidents. As a result, 09 mishaps in FY78 In this section will show that the causes of incide n and
that cost $261,067 and 195 mishaps in FY 79 that cost acdes a genrally alike. The only difference between
$1,198,377, which before FY78 would have been dlsfied the two is cost which is often a matte of chance; for - -

as Incidents, are now classified as precautionary landinge examnple, having a place to safely land when a failure
with damage. occurs. Therefore, inwesed attention suMd be given to

A more effective incident prevention programn is needed. preventing the cases of Incklder and maldng this effort a
This need was anicpae In 1974 when NOE and other moreIntegral part of theaviation safe6y program.
modes of terrain flight, particularly for rotary wing aircraft, There are mny reasons why the prevention of incidents
became a tactical requirement. As expectod, the frequency has not received the neceesery attention. The dolr cost of
of blade and airframe stkes with tres, rocks, wires and an Incident is much lee than an accident the incident rate,
other objects, and flight Into Inadvertent IMC due to dust, unlike the accident rats, is not used to measure sflety
snow, ae., Increased. performance; and the absence of iuriss, especially fatal

22.5 2.25

20.0 -2.00

=17.5 1.75

X.--

:,12.5 \-.25 -. :.-

10.0

1-7.5 -0.75
5.0 0.50

2.5 0.25 "
: -

"FY 74 75 76 77 78 79 " -"

,M ,,0. -1..-Raw oSFmm W C40 of rodwm, amose s J"

In-

.9- A.

"a3

.4 °-"

,,r~~~~~~~~~~~..'.. ... "."-.."......'............."....... .. ..-.. .. ........ ........ ............ ........ .. -....... ,
.,,.:.,,..,...,.:... .- . . . .. . . . . .. . .. . . . . . . . .
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or c ippIng oMns, greatly lessens the concern of should be Instructed to review the requirements for a

authodtIoo. PRAM in AR 385-40. Review of appendices G and H in this
Thme n help explain why the prevention of report would also be beneficial.

Incidents has a low priority among aviation resource Operational definitions of the system inadequacies,
managers. A change and a redirection of prevention efforts ited in table G-1, are found in the narrative analysis of
Is in order If the obct of the Army aviation safety Incidents. These definitions can be easily located through
program is to be met. Adoption of the philosophy that by the ue of one or more of the matrices in this appendix.
eliminating or reducing Inadequacies In the aviation The definitions are Indexed by cae number with respect to
system, a more efficient system will result, would be a step the aircraft Involved and also by the task errors or materiel
forward. If the system operates more efficiently, task failures identified In each case. A matrix of task errors and
errors, material failures and malfunction, and environ- materiel failures by aircraft, indexed by case number, is
mental influnces on man and machine will be either also provided on page 127. The single incident omitted
reduced or eliminated, from thoe analyses was of a C-12A on landing roll that

The analysis of incidents could not be s complete or N collided with a deer. The damage to the C-12A amounted
thorough as that for major accidents. This hortcomng is to $35,000.
attributed primarily to the quality of the Information on
Incidente provided the Safety Canter. The incomnplete
informtion points out that inveetiations m inadequate 3F
and that steps we not being taken to Insure that pertinent
and essential de, I.e., th 3Ws, Is reporte as required
by AR 95-5. This observation Is supported by data In table
G-1 Of the7InsystenInadequacslisted, 29could nutbedefined because of a ick of Inforraton. The 2B ... . .. ' .i::

inadequacies, whatever they may have been, accounted 4 " ,

for 39 percent of FY 79 dollar losses. The lack of causal - 41144 6
Information severely kxes prevention mesures. A21

This strongl suggests that the first step to be taken
toward a more effective incident prevention program Is to
conduct more thorough Investigations and submit more
detailed reports as required by AR 95-5. In recognition of
this, the Safety Center In the 2 Feruary 1960 isue of

JGH11FAX publised a worksheet to be used In the 7.702 4

eaton of a preliminary report of aircraft mishapSA
(PRAM) (page 124). Careful adherence to the require-
ments of the worksheet will Improve the quality of
the information gathered. Particular attention should be 81 1
given to paragraphs 12,13, and 14. These Itena solicit the 2
3W information as described in the method section
appexdix E) of this report. Officers appointed to

Investigate Incidents, especially first-timo appointees,

in

. .......



1. 8. b. Tim floce!)

C. 0 on 0Dy 1 Ds ih

3.a. rcrftsesgn ere

. Coplt seria b.Tmumoab_______________

4. a. Unit
b. Unit identification code (UIC_____________________________
c. Home station of unit operating the aircraft ___________________

S. a. Mishap classification___________________ _____________

b. Actual or estimate cost_______________ _____________
c. Brief description of damage

6. a. Operator's duty (OP or pilot)
b. Name (last. first, Ml) ___________________ ____________

c. SSN d. Grade __________________

e. Unit assigned
f.Home station 7

7. a. List all other crewmsmnbers (nae, SSN, grads, duty position, unit). 7

b. Number of military occupants on board (other than crew)________________
c. Number of other occupants (other than crew)____________________

S. List all Injurd personnel and give the following Information for each: name, SSN, grade, duty position, sex,
degree of W*ur.

9. a. Missio b. Typecldurance (IFR or VFR) _____________

C. ~d. TimeIn flight
10. Phase of operation (landing, takeoff, et.) _________________________

11. Description of how mishap occurred. Begin with first Indication of emergency, malfunctlon,fsilure, or unuaual
occurrence. Include crew response and reaction of aircraft to control inputs If other than normal. Include airsped
and altitudes agI as necessary to aid In description. Include density altitude and gross weight where irmadequate aircraft -.*.
performance Is a factor (inadequate power for conditions) and describe termination of problem (landing, further damn-
age, procedures used). Give details of any ejction or bailout.

Note: For ClAs D and E mishaps, add the follow~ng Information when known; for eaoh caus factor
Identified in tems 12, 13 and 14, tell what caused or permitted it to happen and what corrective action
should be taken. If Information Is not known within 24 duty hours of mishap, provide via supplement

4report sesoon se known.
12. D -erie each environmental cause factor end how It contributed to the mishap.

124



PRAM-]
13. Deeclbe each human error cause factor and how It contributed to the mWSha.

14. a. Describe each material failure or malfunction cause factor and how it contriburted to the mishap.

For each failure or malfunction Identify the following:
b. EIR control number (block 3 of SF 3011)
c. NSN

* d. Part number I(obtain from failed part)
a. Nomenclature of -uapcta or failed pert

f.Name of publication fromi whicn nomenclature obtinedu
If majo component failure or malfunction contrted, additionally submit:

g. Comnponent moas ________________________________
* h. 1u. . Seral number

It. Time aince overhaul (to nearest hour)
1 . Overhaul faclty

m. Dete of lastoverhaul__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

n. Previous storage history
o. CrAe offailur-

* ~p. Po settings
q. Significant Indicaton_____________________________

N m~~Om1 Pat emeim ePma- fahwor .,eifsmeln that oentihusd to the mshap, repat Item 14.
lL a.1.Ustotharpersonnellnjrednereeultofmehap.

b. Bief deciptin of damage to govemmrent or public property other than the aircraft.

1I& a. Date nerst FAA facilty was notified, If required (AR 95M3).

b. Brief description of any violations to civil or military ragulations (If none, soste.

c. Classified maeria 0 wee 0 was not on board (for missin aircraft only).
d. Aircraft 0 was 03 wee not serviced with fire resistant hydraulic fluid.

a.Dangerous or haerdoue material 0 wvas 0 was not being transported at tima of mishap.
Material 0 did 0 did not contribute to mishap. Any other Information pertinent to hazardous materials being

treneportad at time of mishap:

f. Aircraft 0 was 0 was not performing
0 authorlsed 0 uneutoized,
0 supervised 0 unsupervised

*1 (1) Terrain flight: 0 low level 0 contour 0 NOE
()0 Tactical IFR trainin

S. USASC wEl periodically iss instructions requiring the repotin of other sp ,!fir data pertaining to mishap
preventlin pr oblem -won. Such date will be repnoe In this subparagraph.

1.For addidonal infornme n cotact:Name _________________________

Address
Duty Telephone number______
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Appuwx H

Mhhq~Nlsor of Pwrt Fa~w m

This appendix presents the mishap history of Army column labed NUM MTN 0CC (numbee of wile- -
aircraft pas/c oonenwt (heaftr rferr to a parts) naoee oehawneee).
that failed or malfunctioned, causing or contributing to The 10 parts reported to have failed most frequently In
1,62 material-ted mbhq during FY 1979. These parts FY 79 are shown In table H-1. The total cost of thee parts, ..

were reported under 72D dlferent part numbers and were Including two fuel controls costing 09,750 each, was las
distributed by aircraft type as follows: 283 UH-1 parts, 106 than $21,000.
OH-8 perts, 97 AH-1 parts, 92 CH-47 parts, 38 OV-1 parts, Six of the 10 parts have a combined mishap history of
and 37 U-21 parts. The remaining 85 parts were distributed 1,391 failures dating back to FY 72. Three of thes, two

. over the other aircraft types. switches and a battery, head the FY 79 list. Three of the
The mishap history is presented to solicit the support of ten, two pressure switches and a submerged pump, have

- aviation resource managers in an effort to Improve the the sane manufacturer code.
Sreliability of these relatively low-cost parts. This would The two fuel controls, from the same manufacturer,

,* ultimately Improve Army combat readiness through have an Interesting history. The latest version, Indicated by
increaed aircraft availability. an A suffix to the part number, has failed 32 times since

The requirement to Improve reliability of low-cost parts November 1978, the date of Its first failure. The first
was documented in USASC Technical Report 79-4, reported failure of the older version was August 1973.
..Survey of Forced and Precautionary Landing Cost," July Twenty-aix percent of the combined 121 fuel control

4 1979. The survey found that 42 percent of the forced failures were attributed to the latest version. Each of the
landings and 39 percent of the precautionary landings fuel controls was reported In 21 mishaps in FY79.
resulted in failure of the aircraft to complete the assigned Switch failures were reported more often than any other
mission. Also, on an average, thes aircraft were out of parts failures. During FY 79, 50 different switches (bytart .

service for 44 hours. number) of 13 different manufacturers accounted for 15
The report recommended "that an assertive effort be percent of the part failures. Over the 8-year period, these

made to turn bac* the long history of failure of a relatively switches acounted for 17 percent of the part failures. By
few low-cost items that cause a disproportionately high aircraft the different switches to fall were UH-1 - 17, AH-1 -
number of mishaps" and "that a similar pattern of falilure 9, 0H-58 -6, and CH-47 -5. The cost of the 50 switches
should not be allowed to occur In the next generation of range from a low of *1.32 to a high of *1,357, with 30
Army aircraft, I.e., AAH, UTTAS, ASH." switches costing less then *4.

To learn the mishap history of the 720 parts, a search by Figure H-1 shows the fiscal year in which the 72D parts
aircraft type end model was made of the Army Safety were first reported in a mishap.
Center's aviation mishap file dating beck to I October A review of available data did not disclose a plausible
1971. The search found that the 720 parts contributed to or explanation for the high percentage of first failures in FY79.
caused 64 accidents, 44 Incidents, 247 forced landings, and The forced and precautionary landing survey mentioned
6,946 precautionary landings, for a total of 7,301 mishaps earlier revealed a U-shaped pattern similar to that shown in
over the eight-yew period. figure H-i, I.e., a higher percentage of first failures In the

Cost dsta were obtained by matching the Army Safety first and last years surveyed.
' Center's mishap file with data from the Army Master File This distribution of first failures, together with the
• , Catalog Data Agency, New Cumbeland, Pennsylvania. In findings of the survey, may indicate the onst of a failure

the tables by aircraft type (page 156), part failures history for the 324 pans first reported in FY79. To prevent
.. attributed to inadequate maintenance are listed under the this, commodity managers and reliability, maintainability,

154
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FISCAL. YEARS
RMM 14i-Tr tee7ft Pws Timat fsd Da" FT 79W We m Nas Rpeis In a Misha

and produc ssurance peronne we urWe to review the sugget an evauation of the design speicautions and
fa"ur cauNs Of these part.. BY aircaf typ, the UN-i operational requiment upon which thes speciftions
accounted for 35.8 Percent AK-I1, 16.0 percent; OH-U, ae basd mayv be In order. It may also be necessary to .

13.3 percentCH-47, 13.0 percenOV-1, 7.4percent~ and xamne nmufacturing standards aNd pracce ta hav
UJ-211, 6.5 percent of the FY 79 ONrs faihrs The rrnenin the capacity to degrade the maintnbit and relaity of
OF pren eistrbue ove lowr4elt aircaft thes low-cost Item.. Improvement In any of these area

The elgh-ye histor Of the belnena-rled part wold beomne evident In the misha history of thes part.
Mdum5 IS 1idite by ahircaf typ on pegp 15. Thee
det show nie pefs wfth 10 or mars melneenahe-rled
failure- UN-i actuaor, P/N 1105i50 (2; UN-i
basMy, P/N M82441 (23; UN-i1 SONSaOr, P/N6

iNOUS(1);AM- gembet P/N agEo 0 , IM6: UI
sihP/N MS 2Wi 1(17); UN- peolng. P/N

M827M54(14); UN-i chip daenPNI 1;UN-i
locknut. P/N ANSOS1 (10; end ONSO sINh- P/N
12411iMo (10). Of the 77 amaatoM-md .dtIeps, 2 (05

-WWW weMintsneno ltd.
Seveity of aircaf -bI"ps dli net naim fjo part corn.

Le., the more cosdy perts ii neo mieaeis h
most see eshep TW* NH sha to the ost

(0.406 of pert the ased 15 puwerS Of pssonr
caused accidet Fft peet of the more then 7.0= NM~ The information in this ap pendx must not be used
matel-relted misps we caused by per" ta or In a mnner tha wN discoura or eve tend to discourae.

isS nm160. awst *or rom i m ldn re or precautory eiang.
Man actiomn us be tslms before a m10h@ ss i ~den Their judgment cWoenin when to execue eOther a fore

I these failures n be re@ae. The oblectiv of these I ldg Or precautay lendin should not be adverel
actiom mus be hnixe qualt and, hence, t he reably oifed. The objctiv of t hinmaton is not to restict
of thes low-cost Perm. aVIatDors ns of ths maneuvers but to reduice the need

The MMn hbaor of falhir of 1mny of tes pert to rely on thn fwmanr by avoidin oh ass
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